BACKGROUND AND AIMS: Direct-acting antiviral agents have revolutionised hepatitis C treatment. In 2014, the Swiss Hepatitis Strategy was developed to eliminate hepatitis C virus (HCV) infection and the associated liver-related morbidity and mortality by 2030. Though numerous national studies and assessments have identified a relatively low prevalence rate of 0.7% in the country, little has been done to identify the epidemiology of HCV on the regional, or micro, level. This study aimed to identify scenarios to achieve the objectives of Swiss Hepatitis Strategy by 2030 in eastern, western and northern regions in Switzerland.
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BACKGROUND AND AIMS: Direct-acting antiviral agents have revolutionised hepatitis C treatment. In 2014, the Swiss Hepatitis Strategy was developed to eliminate hepatitis C virus (HCV) infection and the associated liver-related morbidity and mortality by 2030. Though numerous national studies and assessments have identified a relatively low prevalence rate of 0.7% in the country, little has been done to identify the epidemiology of HCV on the regional, or micro, level. This study aimed to identify scenarios to achieve the objectives of Swiss Hepatitis Strategy by 2030 in eastern, western and northern regions in Switzerland.
METHODS: Three Excel-based Markov disease burden models, based on hospital-and region-specific data, were developed to forecast the current and future prevalence of HCV infection by fibrosis stage and liver disease stage to 2030. Two scenarios were developed to evaluate the disease burden in St Gallen, Geneva and Zurich: a Base 2016 scenario, representing the current standard of care in each canton, and a second, potential scenario to achieve the Swiss Hepatitis Strategy goals.
RESULTS: In 2015, the estimated viraemic prevalence in St Gallen was 0.5% (0.5-0.6%) corresponding to 2800 (2600-3100) cases. In Geneva and Zurich, the estimated prevalence was slightly higher, with an estimated 0.7% (0.6-0.7%) viraemic prevalence, or 3300 (3000-3600) cases in Geneva and 0.7% (0.7-0.8%) viremic prevalence, or 10,800 (9900-11,900) infectionsin Zurich. In order to achieve the Swiss Hepatitis Strategy goals of a 30% reduction in new infections, total viraemic infections, liver transplants, and hepatocellular carcinoma cases by 2020 and a 90% reduction by 2030, all regions will need to increase the annual number of treated and diagnosed patients up to 2030. In St Gallen, an up-front investment to treat 430 patients annually by 2020 would be necessary, to achieve the 2020 goals. After 2020, treatment could be reduced to~150 patients annually until 2030. The number of patients diagnosed, however, would need to be sustained at 130 annually after 2020. In Geneva, 235 patients need to be treated, with 140 diagnosed annually between 2019 and 2030 to achieve both 2020 and 2030 goals. In Zurich, 850 patients will need to be treated annually in 2019 and 2020 and the number of diagnosed will need to expand to 350 individuals annually by 2022.
Introduction
In 2016, the World Health Organization (WHO) identified viral hepatitis as a pandemic becuase of its associated substantial public health and economic burdens [1] . Affecting communities and health systems across the world, viral hepatitis was responsible for more deaths than the human immunodeficiency virus (HIV) and tuberculosis in the previous year [1] . Hepatitis C virus (HCV) infection is a leading cause of liver cirrhosis, decompensated cirrhosis and hepatocellular carcinoma (HCC), often requiring expensive therapies and procedures such as liver transplants, or resulting in premature death. Chronic hepatitis C (CHC) affects more than 71 million people worldwide and was responsible for approximately 400,000 deaths in 2015 [1, 2] . Though HCV inflicts undue health and economic damage on countries, the opportunity for public health strate-gies to tackle the disease burden has been revived. Given the development of newer, more efficacious treatment regimens such as direct-acting antivirals (DAAs), strategies can now be created that address the elimination, rather than the management, of HCV globally.
In high-income countries such as Switzerland, with a relatively low prevalence and expanded access to DAA therapy, to cure and eliminate HCV is possible. Given this situation, a multi-stakeholder network launched the Swiss Hepatitis Strategy [3] , with the goal of reducing morbidity and mortality caused by viral hepatitis C and eliminate it by 2030. The strategy outlined a reduction of the number of new infections, of chronic HCV infections, and of liver transplants and HCC cases caused by HCV. Though a recent situational analysis estimated an overall anti-HCV prevalence of 0.7% and, after adjustment, reported 36,000-43,000 viraemic cases (estimated prevalence 0.49%) in 2015 [4] (roughly three times that of HIV [4] ), only a minority of patients has been cured thus far. Since 1995, approximately 4000 people have died in connection with HCV in Switzerland, about five times as many deaths as from HIV or hepatitis B virus (HBV) [4] .
Previous modelling work has evaluated the forecasted impact of increased access to more efficacious therapies [5] [6] [7] . Considering more than 40 countries throughout Europe and Asia, these studies showed that, although significant reductions in disease burden are plausible, strategies to improve diagnosis and treatment capacity are needed in order to do so [5] [6] [7] . More recent modelling studies have quantified the estimated diagnostic and treatment expansion necessary to achieve the Global Health Sector Strategy goals for elimination of viral hepatitis by 2030 [8, 9] . These studies highlighted impediments on the pathway to care and analysed the trade-offs between segments of the patient population to be targeted -considerations countries must account for in order to achieve elimination. Particularly, although increased treatment coverage and sustained virological response (SVR) in later stage liver disease have the greatest short-term impact on reducing morbidity and mortality, treatment of early stage fibrosis (F0-F1) is necessary to achieve reductions in total viraemic infections and prevent ongoing transmission [9] . These reports are helpful in the initial planning and development of national HCV policies, but modelling of elimination strategies amongst specific populations or sub-regions is limited. Development of possible microelimination scenarios breaking down national elimination goals into individual population segments [10] enables policy makers to understand current disease landscapes on a hospital-based or regional level.
In late 2017, Switzerland took a first step towards elimination by lifting treatment restrictions to allow ≥F0 patients to receive treatment. Alongside this change was an increase in the number of patients starting treatment, which exceeded the 7% threshold that puts Switzerland on track for elimination [11] . However, high treatment levels can be difficult to sustain, especially if there is an insufficient pool of patients diagnosed and linked to care. Thus, there is a growing need to identify HCV management strategies in the cantons throughout Switzerland.
This study aimed to identify scenarios that could achieve the Swiss Hepatitis Strategy by 2030 at the regional level.
In this analysis, we modelled the current epidemiological landscape of HCV and identified the increases in diagnosis and treatment ratesthat might be necessary to achieve the strategy goals in eastern (region of St Gallen), western (region of Geneva) and northern (region of Zurich) Switzerland.
Materials and methods
Three regions in Switzerland were included in this analysis: St Gallen, a region in eastern Switzerland containing the cantons of Appenzell Innerrhoden, Appenzell Ausserrhoden and St Gallen. It has approximately 570,000 inhabitants (at the end of 2016) [12] , representing almost 10% of the Swiss population. Geneva, a region in southern Switzerland including the canton of Geneva, is the second most populous city in the country, with a resident population (at the end of 2016) of approximately 489,500 [12] . Zurich, a region in northern Switzerland including the canton of Zurich, is the largest city in the country, with a population of 1.5 million inhabitants [12] .
Hepatitis C disease burden model
An Excel-based Markov disease burden model was developed to forecast the current and future prevalence of HCV infection stratified by fibrosis stage, and of associated liver-related morbidity and mortality. A comprehensive description of this model has been published previously [2, [13] [14] [15] . A disease progression model was constructed to estimate the HCV-infected population by liver disease stage, from 1950 to 2030. The model estimates the annual number of acute infections that progress to chronic HCV infection, after accounting for spontaneous clearance of the virus. The progression of these new cases by age and sex was followed, with adjustments for mortality and cure. Three models were populated with published data or expert feedback and calibrated with canton-specific assumptions to forecast the future burden of HCV by sequelae through to 2030. The three models were based on canton-specific data and outcome values were fitted to these historical parameters. A full description of the model can be found in appendices 1 and 2.
Data collection -St Gallen
The St Gallen model was seeded with data gathered from the Cantonal Hospital of St Gallen (KSSG). Electronic medical records from 1 January 2004 and 31 December 2016 of all patients with a positive anti-HCV screening test (acute or chronic HCV infection) presenting at the hospital were analysed retrospectively. Patient characteristics such as age, year of hepatitis C diagnosis, diagnosis of acute hepatitis C, stage of liver fibrosis (liver elastography and/or liver biopsies were used to define the individual fibrosis score according to METAVIR [16] ), treatment regimen and outcome (SVR12), co-infections (HIV, HBV, hepatitis A virus [HAV]), HCC and liver transplantation due to HCV were assessed. This information was used as input data (treatment numbers, treatment outcomes, genotype distribution, age distribution, HCC and liver transplantation due to HCV, actual stage of liver fibrosis) for the St Gallen model (table 1). The study was approved by the ethical committee in eastern Switzerland, with the project-ID 2017-00693. 
Data collection -Geneva
Genotype distribution and liver transplant data from the University Hospital of Geneva were used. Liver cancer data by histology, including HCC, were collected from 1990 to 2013 from the Geneva Liver Tumour Registry (table 2) . Ethical approval was not necessary in Geneva as only aggregated totals were used.
Data collection -Zurich
The genotype distribution was based on Switzerland cohort data, which gave an estimate that approximately 29% of cases had genotype 3 and 26% genotypes 1a and 1b [19, 20] . Liver transplant data from the University Hospital Zurich were used. Zurich liver cancer data from 1988-2014 was collected (table 2) . Ethical approval was not necessary in Zurich as only aggregated totals were used. 
Prevalence estimate
Regional HCV prevalence by canton was not available and had to be estimated from available data -national HCV prevalence, reported liver cancer cases by canton, and reported HCV diagnoses (after adjusting for treatment and mortality) by canton [4, 17] . Expert consensus was used to check for consistency of the prevalence estimates across all three regions. Attempts to use the reported numbers of all and newly diagnosed cases by canton to estimate regional prevalence was not successful as they were influenced by the number of centres treating HCV and the level of testing in each region.
The anti-HCV prevalence in St Gallen was estimated to be the same as the published viraemic HCV prevalence in Switzerland: 0.49% (95% confidence interval [CI] 0.45-0.54) [4] . Geneva and Zurich have more diverse immigrant populations, which made extrapolation from national data more difficult. The reported liver cancer cases in each region were used to back-calculate the total number of HCV infections required to result in the reported cancer cases. The prevalence estimates generated (table 1) were higher than the national prevalence, as expected.
The total number of HCV infections was estimated by multiplying the regional prevalence and the population of the cantons in each region. For St Gallen, the 2015 population of the cantons Appenzell Innerrhoden, Appenzell Ausserrhoden and St Gallen was used [17] . Notification data, provided by the Swiss Federal Office of Public Health, was used to form the age and gender distribution of the model, yearly number of new HCV infections and diagnosed cases.
Historically diagnosed patients
The total number of HCV diagnosed cases in the cantons Appenzell Innerrhoden, Appenzell Ausserrhoden and St Gallen, Geneva and Zurich (1990-2016) and the yearly number of new HCV infections were based on the cases reported to the Swiss Federal Office of Public Health [17] , after accounting for mortality and cure. The reported chronic cases were stratified into 1-year age cohorts and were aged forward each year, taking into account reported background mortality in the individual age cohorts, as well as reported treatment and cure rates based on rates of SVR.
Historically treated patients
The annual number of treated patients in St Gallen was collected in the study described above. All specialised care of HCV patients in the cantons of St Gallen and Appenzell is centralised in the cantonal hospital. The annual number of treated patients for Geneva and Zurich was scaled from na-tional estimates using IMS Health data (2004-2015) [18] . Geneva and Zurich account for 10% and 30% of total Swiss HCV infections, respectively. It was assumed that they accounted for the same proportion of the HCV treated population. Since all patients, regardless of fibrosis score, were eligible for treatment from 2018, and Geneva and Zurich are the two largest cantons in Switzerland, it was believed that a larger proportion of patients linked to care would be captured in these regions. Under the Swiss Hepatitis Strategy, diagnosis and treatment was increased in order to achieve a 30% reduction in new infections, total viraemic infections, liver transplants and HCC cases by 2020 and a further 90% reduction by 2030. The outcomes by scenario were then compared.
Scenarios

Results
Epidemiology of hepatitis C in St Gallen, Geneva and Zurich In 2015, the estimated viraemic prevalence in St Gallen was 0.5% (0.5-0.6%), corresponding to 2800 (2600-3,100) chronic HCV cases. In Geneva and Zurich, the estimated prevalence was slightly higher, with an estimated 0.7% (0.6-0.7%) viraemic prevalence, or 3300 (3000-3600) cases in Geneva and 0.7% (0.7-0.8%) viraemic prevalence, or 10,800 (9900-11,900) infections in Zurich in the same year. Of these, approximately 70% of the viraemic population was found to be between the ages of 30 and 64. The distribution by age and sex can be seen in figures 1-6. In St Gallen, the median age was 52 years, whereas in Geneva it was slightly older at 54 years. According to hospital-based data, in both cantons there were more male patients, who represented more than 60% of cases (65% in St Gallen vs 61% in Geneva). More than half of all patients had ever been treated in both St Gallen (52.2%) and Geneva (58.5%). Of these, 83% were cured in St Gallen, whereas in Geneva almost three-quarters of patients were cured. This hospital-specific data could not be provided for Zurich at the time of publication. a rate of 95 newly diagnosed patients per year, 90% of all infected patients would be detected in 2030.
In Geneva, the model estimates a more rapid decline in liver-related morbidity and mortality. There would be a reduction of liver-related death by 35% in 2020 and 85% in 2030, whereas liver cancer due to HCV would be reduced by 30% in 2020 and 80% in 2030. There is also a forecasted decline of chronic infections by 30% in 2020 and approximately 90% in 2030. Decompensated cirrhosis cases are forecasted to decline by 45% by 2020 and 90% by 2030. By retaining a rate of 96 newly diagnosed patients per year, almost all infected patients would be detected in 2030.
In Zurich, an even greater impact is seen on the estimated HCV prevalence and associated liver-related morbidity and mortality. There would be a reduction of liver-related death by 15% in 2020 and 60% in 2030, whereas liver cancer due to HCV would be reduced by 15% in 2020 and 60% in 2030. There is also a forecasted decline of chronic infections of 20% in 2020 and 60% in 2030. Decompensated cirrhosis cases were estimated to drop by 20% by 2020 and 70% by 2030. By retaining a rate of 180 newly diagnosed patients per year, almost all infected patients would be detected in 2030.
Swiss Hepatitis Strategy
In order to achieve these goals for St Gallen, fibrosis restrictions were relaxed to ≥F0 in 2018 in order to increase the pool of patients eligible for treatment. Treated age and SVR remained the same as in the Base 2016 scenario (18-84 years, 97%); however, the number of patients treated was increased to 350 in 2020 (in 2016 only 107 patients were treated at the Cantonal Hospital St Gallen). Furthermore, the number of new diagnoses increased from 90 pa- In Geneva, similar increases in treatment and newly diagnosed cases were necessary. The number of treated patients was increased to 2015 treatment levels (235 patients treated annually) in 2018 and maintained up to 2030. The number diagnosed will need to increase to 140 individuals annually from 2018. Treatment was also extended to those ≥F0 in 2018. SVR remained constant.
With 240 treated patients per year during the following 10 years, a modelled reduction of all chronicly infected patients by 35% in 2020 and 100% in 2030 can be achieved. The estimated number of HCC cases due to HCV is forecasted to decline by of 40% in 2020 and 100% in 2030, whereas decompensated cirrhosis cases are estimated to decrease by 60% by 2020 and 100% by 2030. Liver related deaths could be reduced by 45% in 2020 and 100% in 2030.
In Zurich, the number of patients that are needed to be treated will peak at 850 patients annually in 2019 and 2020. This then declines to 800 patients annually up to 2030. The number diagnosed will need to increase to 350 individuals annually by 2022. Treatment was also expanded to those ≥F0 in 2018. SVR remained constant.
Given these increases in diagnosed and treated cases, the total number of chronicly infected patients, HCC cases due to HCV, decompensated cirrhosis cases and liver related deaths will all decrease drastically, by 95% by 2030.
As shown in table 4, achieving the Swiss Hepatitis Strategy targets in the three cantons will have significant impact on morbidity and mortality in the HCV-infected population. In St Gallen, by 2030 approximately 65 new cases of HCC and 50 new cases of decompensated cirrhosis could be averted and 95 lives could be saved. In Geneva, 25 and 20 new cases of HCC and decompensated cirrhosis, respectively, could be averted by 2030. Additionally, 30 lives could be saved. In Zurich, the largest reduction in morbidity and mortality could be seen. More than 175 new cases of HCC and more than 140 new cases of decompensated cirrhosis could be averted over the next 12 years. Two hundred and sixty lives could be saved by implementing this scenario.
Discussion
Summary of main findings
This analysis presented the epidemiological burden of hepatitis C in various cantons throughout Switzerland and identified potential scenarios for achieving the Swiss Hepatitis Strategy goals by 2030. Our study estimated a higher prevalence of HCV in Geneva and Zurich than in Switzerland overall. Similar studies have highlighted this Values are rounded difference in infected cases between urban and rural regions. A study from France, for example, noted an increased risk of HCV infection among Parisians as compared with the overall French population [21] . Thus, targeted, evidence-based screening and treatment strategies are needed, as the epidemiological burden is quite diverse across cantons.
The current standard of care in St Gallen, Geneva and Zurich is sufficient to reduce the chronic hepatitis population and HCV-related impact on liver related morbidity and mortality. This, however, is based on the assumption that current trends in numbers of diagnosed and treated patients will be maintained. If efforts are not in place to sustain such a standard of care, reductions in late stage morbidity and mortality would falter. In Georgia, for example, which initatied the world's first programme to eliminate hepatitis C by 2020, the estimated number of persons starting treatment peaked in September 2016, but has since declined, indicating that interventions to increase access to HCV testing, care and treatment are needed if the country is to achieve its national targets [22] . Similar challenges were faced in Egypt, where additional, outside assistance was needed in order to sustain its formal screening strategy [23] . The healthcare system in Switzerland has been responsive to these issues, with treatment access extended to all patients regardless of fibrosis score in 2017. Although this is a positive step, identifying available patients and linking them to treatment still remains a bottleneck in these regions. Increases in both treatment and diagnosis rates are necessary if St Gallen, Geneva and Zurich are to achieve the Swiss Hepatitis Strategy targets set out in 2014. In Geneva, maintaining the previous standard of care (235 treated patients per year by 2018) would be required to achieve such targets. However, the number of patients diagnosed annually would also need to increase if the strategic goals are to be met. In Zurich, treatment would need to increase by 100 patients and the annual number of diagnosed patients would need to double. A recent Swiss study analysed the age distribution of HCV cases in the country in order to develop better screening strategies. It was found that screening those born between 1951 and 1985 would capture almost 75% of all infections in Switzerland [24] . St Gallen, Geneva and Zurich, which diagnose less than 70% of their viraemic population, could consider such tailored screening strategies in order to capture enough patients to treat in order meet the Swiss strategy goals.
Comparison with other research
In 2014, the World Health Organization (WHO) established the Global Health Sector Strategy (GHSS) goals for elimination of hepatitis globally by 2030, like the Swiss Hepatitis Strategy, [25] . As of 2017, treatment restrictions were removed across Switzerland, such that all patients were eligible for treatment regardless of fibrosis score. In cantons such as St Gallen and Geneva, where almost half of patients seen in the hospital setting were ≥F2, this policy shift was necessary if the Swiss Hepatitis Strategy and WHO Goals are to be achieved. Other countries and modelling efforts have evaluated the possibility of elimination by 2030 by targeting high-risk populations, such as people who inject drugs (PWID). In Iceland, unique in its geographic isolation and relatively small chronically infected population (880-1300 people), an HCV transmission model was used to estimate the treatment and testing scale up necessary among PWID to achieve the WHO HCV elimination targets [26] . The study evlauted strategies similar to those used in this cantonal analysis, and also showed that additional testing and harm reduction efforts are required [26] . The study also suggested targeted community based strategies that could be used to achieve local elimination of HCV [26] . Efforts such as these regional analyses highlight the importance of tailored, context-specific programmes and could be used by other cities with comparable epidemiological landscapes to define what scale ups in prevention and treatment are required in order to achieve elimination targets.As long as national strategic plans for HCV are warranted on a global level, the feasibility, funding, and implementation of such plans must be considered. Thus, smaller scale policy initiatives targeting specific populations or localities are a tangible step towards achieving global elimination of HCV. This analysis sets forth pragmatic and defined strategies, in three regions across Switzerland, which could be used as models for larger intervention programmes or similar analyses across the country.
Programmatic implications
Though the prospect of achieving the GHSS goals in Switzerland can be daunting, it is clear from this study that achieving these goals in subregions is plausible, if certain programmatic changes are implemented. Increasing the proportion of diagnosed cases is a key constraint in these cantons. Screening programmes in the "baby boomer" population have previously been estimated to be the most successful in identifying new cases [27] and also proven to be cost effective [28] . In St Gallen and Geneva, where the mean age of patients was the early-to-mid fifties, such screening strategies could be one potential avenue for identifying patients to diagnose and link to care. These policies could then be adapted to other cantons throughout Switzerland or to cities with a comparable age distribution in the HCV-infected population, in order to meet needs in specific treatment settings [10] . Similar modelling conducted in Australia has shown the need to improve the cascade of care from infection to treatment and cure and, in particular, ensure priority populations have access to testing, care and DAA therapy [29] . Such strategies could be implemented by improving follow up in primary care services, such as general practitioner-initiated screening [30, 31] .
Although not considered in this analysis, there is also a need for robust harm reduction programmes to supplement these screening and treatment strategies. As the majority of new infections in Europe occur amongst PWID and men who have sex with men (MSM) and engage in high-risk behaviour, the potential for reinfection in these cohorts could partly counteract the benefits achieved by increased treatment. The prevalence of HCV has been decreasing amongst PWID in Switzerland [32] , as more than 85% of injection drug users were found to be engaged in harm reduction programmes [33] . However, in the absence of these behavioural interventions, the number of secondary infections would increase regardless of treatment [33] . Additionally, two recent studies in Switzerland considered the impact of increased treatment on the reduction in new infections amongst HIV-positive MSM [34, 35] . It was found that increased treatment initation reduced HCV incident infections by 50% [35] and that intensive interventions could boost long-term efforts for prevention of high-risk behaviours [34] . Thus, systematic population based screening, scale up of treatment, and increased access to harm reduction programmes are necessary for sustained reduction of new HCV infections and elimination of the disease [35] .
Limitations
A number of limitations to the study may affect the forecasts of the model. Without a national surveillance programme, uncertainty in the prevalence estimates will remain. To date, no general population prevalence studies have been conducted in the regions. However, all estimates have been presented with 95% uncertainty intervals to capture such uncertainty in the outcomes. Similarly, though notification data were used to estimate the total number of linked-to-care patients in the cantons, underreporting, especially in high-risk groups, may occur. If this is the case, then policies would need to capture larger numbers of diagnosed patients moving forward. Lastly, no treatment registry exists in Switzerland and thus the true numbers of treated patients in Geneva and Zurich are unknown.
As they represent large cities with more prevalent migrant populations, we assumed a proportional distribution of treatment in these regions. Further analysis to identify the number of patients linked to care is warranted.
Conclusion
Elimination of chronic HCV infection in western, eastern, and northern Switzerland by 2030 is possible, but not with the current HCV detection or treatment rate. Intensified HCV screening and increased DAA access are necessary to meet the Swiss Hepatitis Strategy elimination goals over the next 15 years.
